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Abstract 
In order to reduce CO2 emissions related to heating purposes within the European Union, the EU-Commission is 
currently preparing ecodesign and energy-labeling requirements for water heaters, storage tanks, and space and 
combination heaters. Especially this also applies for solar assisted space heating and hot water preparation systems. 
In particular, there will be a new energy efficiency classification for solar hot water storage tanks, which will be rated 
(A+, A, B, C, …, G) according to their standing losses. We present a test set-up and procedure that is capable of 
determining the standing losses conform to the EU-directive and show various measurements of some state-of-the-art 
storage configurations. The results reveal the need for better insulation in order to achieve an A+/A-rating for state-
of-the-art storage tanks. We compare the effects of employing an better insulated storage tank compared to state-of-
the-art technology for a solar thermal systems by performing annual system simulations via TRNSYS. The system 
comprises of a 100% renewable space heating and domestic hot water pellet-solar combi-system suitable for 
residential buildings. 
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Nomenclature 
 
S Standing losses 
TW  Water temperature of Storage 
Tamb Ambient temperature 
Q24h 24 hour accumulated heat losses 
λ Thermal conductivity 
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1. Introduction 
In order to reduce CO2 emissions related to heating purposes within the European Union, the EU-
Commission is currently preparing ecodesign and energy-labeling requirements for water heaters, storage 
tanks, and space and combination heaters [1]. Especially this also applies for solar assisted space heating 
and hot water preparation systems. In particular, there will be a new energy efficiency classification for 
solar hot water storage tanks, which will be rated (A+, A, B, C, …, G) according to their standing losses 
(Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The standing losses can be measured according to EN 12897 [2], which will be described in a 
subsequent section and are defined as, 
 
 
          (1) 
 
Figure 2 shows the standing losses for different tank volumes and energy classes, and in table 1 the 
values are calculated for a 1000 liter storage.  
 
 
2. Measurement of standing heat losses 
Appendix B of the European standard EN12897 describes an experimental procedure to determine the 
standing losses, S, of hot water storages by measuring the energy losses over a period of 24 hours (or 
longer). 
Figure 1: Standing Losses of Solar Hot Water Storage Tanks, if (part of) a solar device [1] 
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Essentially, the storage to be tested needs to be placed in a conditioned chamber (20 +/- 2°C) with 
appropriate distanced to surrounding walls (Figure 3). Then the immersed electrical heater is used to heat 
up the water until the sensor located at TW reaches 65 +/- 2°C. After a period of 24 hours, which is 
implemented in order to reach the thermal equilibrium, on has to monitor the electrical power that is 
necessary to keep TW at 65 +/- 2°C as well as the ambient and water temperatures, Tamb and TW. Using 
equation [1], the standing losses are determined for subsequent 24 hour periods until the calculated values 
are within 2%. The finally obtained standing loss value, S, is the average of these 24 hour periods. 
 
Table 2 shows the measurement results for a 1000 liter standard storage insulated with various types of 
PET-fibre fleece of different thicknesses and fibre orientations. 
It is obvious that with conventional insulations, it is very difficult (if not impossible) to achieve A+/A 
ratings, especially when one takes losses associated with tank connections into account. 
Within the Austrian research project ISOlar, different storage insulations were investigated. Among 
them also new aerogel based and vacuum insulations, which are suitable for achieving A+/A with 
reasonable insulation thicknesses. A total of 40 insulations were screened thermophysically (thermal 
stability, thermal conductivity, outgassing behavior) and 15 of them were used in collector tests. The list 
can be requested from the corresponding author, and the details of the experiments will be published 
elsewhere 
Class Volume [l] S [W] Q24h [kWh] 
A+ 1000 55.6 1.33 
A 1000 75.9 1.82 
B 1000 106.0 2.54 
C 1000 148.7 3.57 
D 1000 184.7 4.43 
E 1000 242.5 5.82 
F 1000 295.0 7.08 
G 1000 295.0 7.08 
Table 1: Energy Classification for a 1000 liter storage tank according to [1] 
Figure 2: Standing losses for different tank volumes 
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No. Insulation λ [W/mK] Thickness [mm] 
Fibre 
Orientation Q24h[kWh] S [W] 
1 PET Fleece I 0.035 100 vertical 2.90 3.46 
2 PET Fleece I 0.035 70 / 30 
vertical / 
horizontal 2.74 3.28 
3 PET Fleece II 0.041 150 vertical 2.20 3.04 
4 PET Fleece III 0.041 200 vertical 1.72 2.37 
5 PET Fleece IV 0.04 150 vertical 1.83 2.90 
Table 2: Standing Losses, S, and 24h heat losses, Q24h, for different insulations as measured 
Figure 3: Measurement set-up according to EN 12897 
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3. Case Study: Combined Biomass-Solar Thermal System 
By combining two renewable energy sources, biomass and solar, it is possible to achieve a 100% 
renewable solution for space heating and domestic hot water production. Within the Austrian research 
project KOMBINE, a commercial pellet-solar system by the Austrian company Solarfocus GmbH is being 
investigated. Figure 4 shows the schematics as well as the energy flows of the system. Essentially a pellets 
boiler is directly integrated into a hot water storage, which can also be fed by a solar thermal system. 
Domestic hot water as well as space heating need are then supplied via corresponding outgoing 
connections from the storage. 
The solar collector was characterized experimentally via the quasi-dynamic approach [3] and the biomass 
boiler according to EN 303-5 [4]. In addition, three different on-site monitorings are currently going on as 
well as extensive TRNSYS simulations, both of which are described in more detail elsewhere [3]. 
 
In order to investigate the influence of a better insulation on the system behavior, various scenarios were 
simulated: 
x Reference scenario, which showed good agreement with the monitoring data [3]. 
x optimized controls strategy 
x -23% heat loss coefficient (htc) 
x -33% heat loss coefficient (htc) 
x -50% heat loss coefficient (htc) 
x + 2 m² collector area 
x + 4 m² collector area 
x - 33% heat loss coefficient + optimized controls strategy 
x - 50% heat loss coefficient + optimized controls strategy 
 
The heat loss coefficient (UA value) of the integrated storage system was extracted from monitoring data 
and includes all kinds of losses through the connection as well as insulation. In the simulations, these UA-
values were varied as indicated above. The results are shown in Figure 5 and summarized in Table 3. 
 
By improving the insulation, one can in principle save pellets. From the monitoring results, it is possible 
to associate the reference scenario with 50 mm insulation and -23%, -33% and -50% corresponds to an 
increase in insulation thickness by 30%, 50%, and 100%, respectively. 
 
If one assumes a typical pellets prize in Austria of 25 €-ct/kg [5], an energy content of 5 kWh/kg [6] and 
good boiler efficiency of 90 % [4] (i.e. 4.5 kWh per kg pellets burnt get into the storage), 1 kWh of 
biomass energy costs ~5.56 €-ct. In scenario “-50% htc”, this corresponds to annual savings of ~70€, 
which need to be invested in (better) insulation. If one considers that the total surface that has to be 
insulated is roughly 10 m² (50mm thickness in this case), it is quite obvious that a better insulation pays 
off very quickly (depending on insulation costs, of course, this may be even below 1 year) for the end-
consumer. 
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Scenario Solar Yield Biomass consumption 
kWh [%] kWh [%] 
Reference 1645.7 100 9191 100 
Controls Optimization (CO) 1886.4 14.6 7904.8 -14.0 
-23% htc 1597.3 -2.9 8614.5 -6.3 
-33% htc 1557.9 -5.3 8362.9 -9.0 
-50% htc 1450.8 -11.8 7956.5 -13.4 
+2 m² collector area 2047.7 24.4 8895 -3.2 
+4 m² collector area 2266.1 37.7 8728.7 -5.0 
-33% htc + CO 1767.3 7.4 7407.5 -19.4 
-50% htc + CO 1651 0.3 7169.9 -22.0 
Table 3: Solar thermal yield and Biomass consumption for different scenarios 
Figure 4: Integrated storage boiler (Solarfocus GmbH) 
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Figure 5: Top: Biomass energy (pellets) supplied to the system in order to meet domestic hot water and space heating demand; 
Bottom: Solar Thermal Energy Yield supplied to the integrated hot water storage. 
